The California Current and associated coastal upwelling have changed with the growth and decay of the North American ice sheets since 2.5 Ma. Because the coastal upwelling has a close relationship with biogenic productivity in surface water, analyses of biogenic components in sediments of the upwelling region enable us to reconstruct the past changes of the productivity and/or the current systems.
INTRODUCTION
Seasonal and latitudinal shifts of the regime of the meteorological North Pacific high result in strong seasonal changes in the California Current system, in which upwelling caused by westward Ekman transport is intensified during the summer at high latitudes and weakened during the winter at low latitudes. Variation in surface biological productivity connected with the upwelling should be recorded in sediment cores in these regions. In fact, the content of biogenic components changed significantly during the last glacial cycle (Karlin et al., 1992; Gardner et al., 1997) . We wanted to understand how and why the current systems changed during glacial-interglacial cycles in the late Pleistocene and what processes determine major components in the sediments. For this, we analyzed biogenic components in sediments of Hole 1020B recovered during Leg 167 spanning the last 800 k.y., and we report variations of biogenic components. The site is located on the east side of the Gorda Ridge, 170 km west of Eureka, and has a water depth of 3040 m (Fig. 1 ).
MATERIALS AND METHODS
In this study, we analyzed 96 samples from Cores 167-1020B-1H through 8H that were taken on the drill ship at intervals of ~70 cm. The sediments consist of alternating pelagic and nannofossil clay. Wet samples of 10 cm 3 were vacuum packed after sampling and stored in a refrigerator at 4°C. After freeze drying for 24 hr, samples were ground to powder in an aluminum mortar.
Biogenic opal contents of bulk samples were measured according to a method modified from the one described in Mortlock and Froelich (1989;  Fig. 2A ). Both total carbon (TC) and total organic carbon (TOC) contents were measured by using a LECO WR-112 carbon analyzer. Total inorganic carbon (TIC) content was calculated by subtracting TOC from TC content. TIC content represents biogenic carbonate carbon content because TIC content distinctly correlates with the peak intensities of calcite as determined by powder X-ray diffractometry (Fig. 2B) . No dolomite was detected in any X-ray diffractograms, and terrigenous calcite was rare in the sediments, according to smear-slide observation. Biogenic calcium carbonate contents were therefore calculated by using the formula biogenic CaCO 3 (wt%) = TIC (wt%) × 8.34.
Bulk mineralogies were also analyzed by powder X-ray diffractometry using a MacScience MXP3HF X-ray diffractometer to estimate the ratios between terrigenous and biogenic components. Major minerals in the samples are quartz, feldspar, calcite, and clay minerals. Quartz correlates negatively with calcite and positively with feldspar and clay minerals. Accordingly, the peak intensities of quartz were used as indices of terrigenous input. Total terrigenous material content were further calculated using the formula total terrigenous materials content (wt%) = 100 -[biogenic silica (wt%) + biogenic carbonate (wt%) + TOC (wt%)].
An age model for Hole 1020B was constructed by using the oxygen isotope stratigraphy of Mix et al. (1995) during the past 340 k.y., the last appearance datum of Pseudoemiliania lacunosa, and the Brunhes/Matuyama magnetic boundary described by the Leg 167 shipboard scientific party (Lyle, Koizumi, Richter, et al., 1997 ) from 340 to 800 k.y. The age at the bottom of Core 167-1020B-8H is calculated to be ~800 ka. 
RESULTS AND DISCUSSION
Sediments in Hole 1020B consist of biogenic and terrigenous components, of which biogenic components occupy ~10 wt% of bulk sediments. The biogenic component includes ~1 wt% TOC, 0-5 wt% biogenic carbonate, and ~3 wt% biogenic silica (Table 1 ).
In the interval from 400 to 600 ka, high values of biogenic carbonate and silica indicate only limited dilution by terrigenous materials; this is also evident from low quartz abundance and low values for calculated terrigenous input (Fig. 3) . To normalize the data with respect to the dilution effect, terrigenous-free percentages of biogenic carbonate, biogenic silica, and TOC have been calculated by using the following equation from Gardner et al. (1997) :
where %biogenic silica, %biogenic carbonate, and %TOC are substituted for X to calculate the respective terrigenous-free values. The resulting variations of terrigenous-free biogenic silica and carbonate are depicted in Figure 4 compared with the oxygen isotope ratio of benthic foraminifers at Site 849 in the Eastern Equatorial Pacific, a representation of global ice-volume change (Mix et al., 1995) . The terrigenous-free biogenic silica concentration record correlates with global ice-volume change and shows high concentrations during most interglacial isotope stages and low concentrations during most glacial stages. The temporal pattern of biogenic carbonate, in contrast, shows high concentrations in glacial periods over the last 800 k.y. Variations in terrigenous-free organic carbon concentrations are less obviously tied to glacial-interglacial changes but have a more similar variation than terrigenous-free biogenic silica.
The observed temporal variations of biogenic components may be caused by changes in the character of deep water. In general, variations in carbonate and silica concentrations are influenced by production, dissolution, and dilution. Carbonate productivity in this region has been reported to have been high in glacial periods and low in the interglacial periods (Karlin et al., 1992) . In addition, these authors pointed out that carbonate dissolved because the carbonate compensate depth (CCD) was shallower during the interglacial periods. In this region, the CCD has varied significantly on glacial-interglacial time scales: its depth has been estimated at a water depth of 2700 m during the last interglacial period and 4400-4500 m during last glacial period (Karlin et al., 1992) . These authors suggested a change in deep-water characteristics as one factor of this remarkable CCD change. During glacial periods, CO 2 -depleted North Pacific Deep Water (NPDW) would have formed in the North Pacific region and would have caused a deepening of the CCD. On the other hand, the CCD would have been shallower during interglacial times because of the inflow of CO 2 -rich deep water derived from North Atlantic Deep Water (NADW). Our results on the variation of biogenic carbonate during the last 800 k.y. agree with this model developed for the last glacial-interglacial cycle.
The variation in terrigenous-free biogenic silica in this study may be an indication for NPDW production during glacial periods. Young and Si-unsaturated NPDW would rapidly dissolve biogenic silica during glacial times; on the other hand, old and Si-saturated NADW should enhance preservation of biogenic silica during interglacial times. Moreover, the productivity of biogenic silica in this high-latitude region would increase during strong upwelling comparable to the present summer situation during interglacial times and would decrease during weakened upwelling under glacial conditions.
CONCLUSIONS
The sediments of Hole 1020B have high biogenic carbonate concentrations during glacial periods and high biogenic silica concentrations during interglacial periods. This variability should be caused by glacial-interglacial variations in the origin and character of deep-water masses. Future work, such as calculating mass accumulation rates for each component and analyses of other proxies, is necessary to confirm the observed changes in the production and burial of biogenic components. Age (ka) Figure 3 . Variations of biogenic and terrigenous components of Hole 1020B since 800 ka. In the interval from 400 to 600 ka, biogenic silica and carbonate are diluted by terrigenous materials. The gray region shows the depth interval where biogenic components have been diluted by terrigenous materials. Figure 4 . Variations of terrigenous-free biogenic components and the oxygen isotope ratio of benthic foraminiferal calcite at Site 849 (Mix et al., 1995) . TOC = total organic carbon. Shaded areas indicate cold intervals based on oxygen isotopic ratios.
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